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SECRET
ABSTRACT (8)

A system of dynawic armor for tanks (Dash- Dot} is under invegti-
gationt, A successful system will sense the presence of an anti-tank round,
compuie ita irajeciory, and defeat it by automatically firing defending
charges that will destroy the attacking rounds hefore impact. A sensing
system of three optical gcreens, employing filtered (R scurces and photo-
comhictive detectors (PhS cells) ha'a-}a'euon deviged. Preliminary evaluations
of the physical and geometrical detection parameters are discussed. In
tests of an experimental screen gystem, an nccuracy of about 2% koe-Beef’
achieved in determining the unknown altitude and velocity of 75 mm ahells
at velocities up to 2500 fps, Preliminary calculations on the complete
geometry of the sysatem are presented as an appendix,,(\

ve

1. INTRODUCTION

A system of dynamic armor for tanks {Dash- Dot) i under investi~
gation. A successful system will sense the presence of an anti-tank round,
compute its trajectory, and defeat it by automatically firing defending
charges that will destroy the atta~king rounds hefore lmpact.

Protection ig desired from attucking rounds in the velocity range of
from 200 fps to a maximum of 5000 fps. The system should be operative
day and night under & wide variety of climatic and terrain vonditions.

Three major problem areas to he considered are:

1. Physical detection
2. Geometry ui the detection screen

3. Computation

This paper is cuncerned with only the first {wo genceral problems,
treated together,

I1, SYSTEM REQUIREMENTS

Broadly, the system requirements are:

1. To determine missile trajectory in a "suffi-
ciently short' time.

2. 'To ignore objects with velocities less than 200 fps,
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3. To ignore small arms fire.
4. To be insensitive to ambient conditlons of sun and gky light.

5. To fire defending charges whose fragment velocity must be
Beveral times that of the fastest attacking round.

A feasibility study was undertaken using erergy in the optical spectrum,
One obvious advantage here ig the high spatial resolution avallahle which
makes possible accurate position and velocity determination. A 3-layer
optical sensing screen was concelved to surround the tank as shown in figure
1. The defending linear charges forin the fourth innermost layer. Euch
sensing layer consists of a series of uniformly spaced IR gources and detec-
tors mounted in reflection opties: bg, b], b, represent the three detection
cone axes; P, represents the direction of flight of the defending vharge. It
is aggumed that the attacking rounds move in or nearly in the horizontal
plane and will intersect at leact one detection cone in each of the three layers.
Axes b, and b, are paralleljto each other; axes bl and b, are at some flxed
a.gle. The direction of P, lies between the vertical and the "by'' direction.

For normal incidence, the transit times between the three layers yleld
the velocity and altitude directly. For .other than narmal incidence{general
case) the transit times will be functione of the amount of obliquity and the
effective separations x and y will be increased proportionelly. This amount
of obliquity {angle of approach) is determined after the misgile has penetrat-
ed the first two layers and will determine which charge or charges of the
array need be fired. The 3-layer sensing screen Is effectively a 3- dimen-
sional switchboard »ith contacts being made optically, Appendix A deriveg
the basic equations that the computer will be required to handle,

il DETECTION PHILOSOPHY

1. Source Modulatior}

The possibility of amplitude modulation of the emitted energy wa: inves-
tigated. This approach did not prove fruitful for the present system due to
a lack of suitable aource-detactor combifiation modilatable at the required
frequencies, If recognition were required within six inches after a 4000 fps
miasile penetrated a beam, an #0 ke source would yield ahout 10 pulses,

1
i,e., available time = 4*2_‘___ seconds - 1 ms
4000 8
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Ultra-violet sources are available wrich may be efficient]ly modulated
at this frequency but are too large for use in focusing optics. A tungsten
filament bulb may be modulated up to about 25 ke but with very poor effici-
ericy., Meagre success was achieved in attermpting to modulate an ultra-
gmall, glasas enclosed zirconim arc; at 1000 cps the modulation had drop-
pered to 5%,

2. Steady "DC" Source

All work to date has utiiized a steady light source furnishing a single
reflected light pulse. 'T'o mchieve high spatlal resclution it is nccesesary to
keen tha gource and especially the detector area as small as possihle (re-
lative to the reflectnr aperture). Although rmall-area phototubes (e, g, 17°42)
are avallable, the moet eff{crent source- deiscior cordination has proven
ter he a tungsten-filament source and a pholo-conductive detector. The source
uged is a fi-volt, 0.5 ampere ’R-12 flaghlight bulh having an effesdve radi-
ating area of about 1 mm2. When operated at its rated voltage, it has peak
emnigslon at about 1. 29 4. By lowering the applied voltage, the emission
peak may be conveniently shifted Lo longer wavelengths matching available
detectors. At 0. 8 volts, for example, peak emission occurs at about 2. Ou.

IV, DETECTOR REQUIREMINTS

1. Hasic Considerationg

A fundamental reguirement of a suitable detector is a short rise-time
constant and an adequate S/N resp.nse for the fastest rounds at ihe greatest
anticipated detection distance ("h" in fipure 1)1 Under some of the worst
conditions of operalion, pulses in succersive channels might occur 100 ys
apart, PFor adeguote time resolutlon, it would be necessary to reach o
decision in about 256 u8. The time conslant, sensitivity, ar« noige of varions
IRdetectnrg were investipated to determine the most promising detector
presently aviilable, The photo-conductive type o1 IR detector seemed attract-
ive because of minute size, easy alteretion of sensitive area, ruggedness, non-

System is not drawn to any particular scale.
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microplioniem, high IR senslitivity, and simple power supply and circuitry
demunds. Among the cells tested for ambient temperature usge were an
E.C.A.2 Pbe cell, an Ektron Phs cell, and a typleal S, B. R, (;‘,3 PhSe cell,

All the cells were of the chemically d p salted type., The K, U, A. cell hmd
a 2.5mmx 2, 5 mm sensitive area; other wo were ! mm x 1 mm in

area. A "'point" source of light was mechmnlvally modulated; the output
gignal was fed to a low-notse amplifier and meadured on an oscilloscope.

2. I ime Constant Measureme ntH

To measure time constants, a ninety-ulot chopping wheel was con-
astructed which could b mta’ed mi. any desired gpeed between 36 rpm and
22,000 vpin providing a "'squar.” wave interruption freqr . y from about
45 cps {o about 33 ke, The slot width was 2.2 mm, Thus, since the cell
area exposed was 1 mm wide in all cages, the input was actually trapezoidal,
neglecting diffraction effects,

3. Noise Measurements

The noise of a photo-conductive detector is generally taken to be the
pure current noise. E5, due to random iiluctuations in the steady-state current.
As is well known, such noise varies as T where f = frequency.

The ohgerved noigse ~ F where

E \/z:1 +Ez +132voltsPTP

E, = Amplifier nolee referred to the input.
1
M, - Johnsgon noise developed across the cell and load.

E'i Current noise,

‘lectronics Clorporation of America

Santa Barbara Rescuarch Center
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A# the bias voltage is incrcased hoth the signal and S/N incresse

to o maximurn value and then decay, ‘The optimum voltage occurs for
watts X

a power disgipation of about 0,1 mZ on the detector.! This figure
has been roughiy confirmed for the present celis. Utilizing the 25 us
maximum decision time previously mentioned, one can comnpute what
the minimum chopping freguency should be at which 8/N of various
detectors should he compared, Thus a long time-congtant detector
with excellent sensitivity may yield a superior S/N at high frequencies
than will a short time-consgtant detectn,e with mediocere sensitivity.
This hag proven to be the case, IFrom the geometry of the chopper,
the cell is {luminated fro 20 gs ot the frequency of about 14, 000 cps,
Fignre 2 lidts the normalized responges of the 3 cells as a funetion
of chopping frequency. Time did not permit testing more than 1
sample of each type.

A bure tungsten Jamp peaked at 1.3 4 supplied a field intensgity of

HowW .
205 ¢ for cach cell? AL 14,000 eps the Kktron cell yielded the larg-
ost S/N ratio, In comparing the S/Nrvatio , a small correction should
be made for the different spectral sensitivities of room temperature PbS
and PhSe, The "half-power" spectral responde points of a typical 25°C
PhS cell daw ot sty and-u2, 8u; for a typical 25°C PbSe cell (8.1, R, C.)
they occur at~luy andad, Su (sec figure 3), For a theoretical Llack body
peaked at 1.3u, 16% of the cnergy emitted lies between 2, 8y and 4, Sy,
An additionul correction should be made for the larger mismatch between
the PbSc cell (.3, Sy peak) ¢nd the source (1. 3u) as enmpared to the PhS
(-2, Op peak) cell and the sarae source. Because of {1 e non-symmetry of
the black body emigsion curve and of the tvpical photo-cenductor curve
about their respective peaks, opftimum regponse should oeeur for a radia-
tor whose peak occurs at a shorter wavelength than that of the detector,
T'he optimum atnount of mismateh will be determined in future work.

Cell Arca Effeets

Ir

a photocondactor,
(3)
N ._]\_
N - current noise at 2 fixed blas
A cell area

I ve 1[:.1llv Lrunmmuw(l fr(m, 1{ M, '[‘111{ y, NOL, Whlt(‘ QOak, Maryland
Total emigdion to 9y,

SR

< "Kudak Ektron Iedcctor' handbook, page 7,
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For a cell prefocussed in a given paraboloid, the energy incident
on the cell 18 nhviously independent of area, Thus, the S/.0 will improve
as the cell area increases. However, the antenna pattern broadens us

¥l

the sengitive area increages, lessening both the on-axis genanivity and

the directivity (resolution),

V. SENSING SCREEN

Tu establigh feasibility it is first necegsary to determine the expecied
signal level (single pulses) for a wide variety of operaiional paraneters
including missile size, shape of misgsile ogive, velocily, missile refiectivity,
terraln reflectivity, ambient illumination, altitude, gensing angle, and cir-
cuil parameters, it is furiher necessary to deiermine the irajectory respiu-
tiorn, For thege investigations, two sensing sub-gereens were constructed,
One of these i a d-element gingle row sub-screen (figure 4); the other is a
9-element triple row suh-screen (figure blequipped with circuitry to display
the angle of incidence visually by automatically switching on the appropriale
neon bulbe on a display board after round passage. #ach element consists
of a source und detector, with axes parallel and in close proximity. The
source is a PR-12 flashlight bulb operated at 5. 00 volts and eonsiiming 2. 25
wiatts; the detector is a Kodak Itktron lmm x | mm Phs cell. Each is 30
mounted at the focus of a small commercial parabolic reflector of about 1 %
diumeter, The optical gain is ahout 400 for the source and about 200 for
the detector; suitable shieldigg it ~mployed to eliminate stray radiation. The
radiation pattern for a | mm” sou e (or detector) in the reflector used is
shown in figure 6, The "half-pewer'' beam width is 3° included angle. Infra-
red trangmiseion filters are availuble for operational sccurity, These filters
(figure 7) transmil about 90% in the 2y region. The basic detector circuit is:

|| F——¢-+EouT

7 R
T 3.

Ry = Phs cell
Ry = load resistor

Ry was chogsen equal to the dark resiastance of the cell, approximately 800, U0
ohms.

]
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V1. MISSILE SIMULATORS

Various missile simulators have been conceived and constructed
to invegtigate the response of the gub-gereens. These have included
laboratory air guns capable of propelling wood slugs(3" long, 3/4" diam-
eter) at speeds up to 300 fps. The DOFL air gun facilities have been
used to investigate detection parameters of Styrofoam rounds(12" long,
4" diameter) propelled at specds up to 1000 fps.  Tests are currently in
progress at the DOFIL, Tes Area using inert 75 mm. rounds fired at
gpeeds up to 26 00 fps,

Wigure 5 shows the lahoratory setup utilizing the 9-element sub-
gereen with a small sir gun,  Figure 4 shows the experimental arrange -
ment uged in the DOV, air gun building using the 3-element sub-screen,
Figure 8 illustrates the wnstrumentation room just outside the firing
room. Shown are the gun control panel, the oscilloscope with a polaroid
Land camrera for recording target rignals, electronic switches used to
record the three separate pulses on a single photo and a counter used for
independent checks or the optically recorded round velociy.

VIL_GENERAL DETECTION PROBTEMS

As indicated previously ,{(n. 10the pulse rise time and ampli-
tude of the detector response will depend on many ipdependent parameters
of detection, 1n addition, both negative and positive pulges may be obtain-
ed depending on the relative reflectivities of target and background and
upon the detection altitude, A negative gignal 1 due to obsauration, Pre-
Hminary data on the contribution of each operationai parameter will be
given and.an attempt will be made to tentatively evaluate their composite
effect. “T'rajectory resolution measurements will then be described,.

1. Signal ve Range

or detection distances large relative to the refiector aperture, simpie
theory predicts h~4 fali-off of gignal with range for an active gsystem. The
obgerved variation of gignal with distance does not fall off this rapidly due to
{(a) the aperture of the detector- heing not sufficiently large relative to the
detection range, (b) the narrowness of the detection pattern beam and (c) the
projected area of the target,

11
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Point (a) requires no further commen:. For rather narrow beams
it is readily appreciated that at cloge-in distances only part of the
misggile ig illuminated. At greater ranges, more of the target lies in
the detection beam. If the ellipse formed by the detection cone and the
plane in which the missile lies is compleiely enclosed by the projecied
area of the round, increasing the distance should produce no signal
change since the flux density at the target would decrease as h~2 while
the illumintted area would increase as h*% At such a distance that
the ellipge minor axis equalled the migsile diameter, the signal would
start to fall off as h™! until such an altitude ig reached that the entire
preyjected misseile area lies within the detection ellipse. Beyond this
range the signal should fall off as h™% For an illumination cone similar
to and nearly co-axinl with the detection cone the same urgument holdse.
Thus at sufficiently hi%h alti_t}tdes where h™* fall-off holds, the net sig-
nal varies as (h™%) (h"%) = h neglecting other limiting arguments.
Since the beam pattern of the detector hasg no sharp limits but falls off
gradually with increasing off-axis angle, a complete computation of
sigaal return as afunction of range and misslle size would be very diffi-
cult, Further, it will not always be true that the effective target area
equals the projected target area. This holds strictly only for a Lam-
bertian reflector.

In addition to these considerations; it 1s found for amall objects
that as the altitude is increased the return signal decreases smoothly
through zero into negative going pulsea., A zero signal return occurs at
that altitude where the round obscures as much background-reflected
energy as is directly reflected by the round. Experimental determina-
tions of the effect of the detection altitude on signal have not been
completed except for pmall objects{wooden pellets) expelled from a
laboratory air gun and some partial data on Styrofoam rounds(figure 9),

2, Si‘g_n_al vs, V?.l_of’,iEX

A8 missile velocitieg increase, the pulse height, rise time, and
the pulse width decrease. The sgolid line of figure 9 shows the variation
of pulse amplitude with velocity for 12" long Styrofoam Founds fired at
speeds between 200 and 1000 fps. This plot is simply explained in terms
of the average tiine constant of a cell. In additiou, since ihe average time
congtant is' known, the resgults may he readily extrapolated to higher
velocities, The doetied portion showe (he extrapolation to 5000 fps. The
leveling-off of the "2. 5 foot altitude'' curve at speeds below about 400 fps

12
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may be explained by taking into account the missgile length, detection cone
cross-gection, and the time constzit.

Thus, at 2. 5 feet, the detection pattern « one cross-~section for normal
incidence is a circle of about 3, 3" diameter. Since the rounds are 12' long,
the time spent in the beam during which the radiation return is a maximum
and stationary is,

1o 5.3"
12 sevonls

o
<lk=t1

where v = velocity in fps,

If this time is equal {0 the rise time congtant (~ 1, 25 ms), we would
expect the pulse amplitude to have reached 63. 2% of its maximum value, i, e.,
(1 - -é—)x 100%. For t greater than the time constant, the peak amplitude
should no longer increase with decreasing v. This is observed for the 2. 5
foot altitude case., A simple computation confirms the correctness o this
curve, Thus, att =1.25 ms,

lz -~ 3.5
12
v = 3 fps or ~ 580 fps. From

1.29 x 10~

figure 9, 63. 2% of maximum occurg at v = ~800 fpe, The agreement is ade-
quate since the time constants of the Ekiron cells vary and sirce the total
illumination time is actually

2+ 3.3

¢ ) 12
‘total v

geconds, counting time from the moment

the beam is just entered to when it is just cleared. On the latter basis, a
time constant of 1.25 ms would yield a velocity

2+ 5.5
v o= i2 _  fps = 1,020 fpo.

-2
l.2% x 1077

Exact prediction is further complicated by the awkward geometrical
problem of computing the rate of energy reflection generated when the target

13
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ogive enters a "circular'' detection region (of non-uniform sensitivity) at
a constantly varying angle of incidence. The latter variaiion is due to
ogive curvature. At an altitude of 5 feet, the detection cone cross-section
is about 5" in diameter a+ a smaller "time-constant velozity" shouid he
expected, The data presented do not show a similar leveling off gince
velocities below 200. fps could not be conveniently obtained in the large air
gun,

Rise times  have been measured for the velocity range 200 to 1000
fps at detection altitudes of 2.5 feet and § feet for Styrofoam rounds
(normal incidence). The resulfs are given in figure 10. Extrapol&tion to
higher velociiies iz more difflculf inthis cage ‘her for the previcus cane
{figure 9), Data is currently being taken al the DOFL Test Area that will
show the relation between rise times and round vélocities in the range of
1400-2600 fps for various altitudee utilizing 75 mm artillery shells and
for angles of incidence of 30° and 45°.

It general, the rise time will depend in a complicated way on both
the geometrical parameters and the detector time constants. For trans't
times greater than the cell time constant, only the geometrical factors
(e. g. altitude, beam width, missile length, missile dia., etc.) are signi-
ficant. For transit times less than the cell time constant, we should ex-
pect the peak amplitude as well as the rise time to decrease with increas-
ing velocity. There is not sufficient data to show the predominating time-
constant effect, except for the 2.5 foot curve in figure 9. From figure 10
it is apparent that a one-foot screen separation distance is adequate for
the spatial resolution of rounds up to velocities of 1000 fps and altitudes of
at least 5 feel. Thus, at an altitude of 2.5 feet and a speed of 300 fps, the
observed rise time is 1.7 ms. This may be compared with the transit time
between screens of

1 foot L 3 ms.
300 fps =
At an altitude of 5 fext the corre«

/| sponding rise time is 2, 8 ms, At 1000 fps, for both altitudes the rise time

ig approximately 1 ms; similarly, transit time is about | mg, TFor trangit
times shorter than 1 ms for a one-foot fence separation (i. e, for velocities
greater than fps) the rate of decrease of rire time with decreasing traneit
time should diminish, requiring either that a greater fence separation he useu
or that recognition be accomplighed in legs than the rise time,

#
The rise time shall be defined ag the time it takes for the signal to go
from 10% of peak to 920% of peak.
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Thus
4t = constant up to about T* = 1 ms
dr*
at R . "
nd SR decreascs for T <1 ms since detector time constant = 1 ms
where

1 - rise time

T’ = transit time between 2 adjacent fences

Exact measurements of both the rate of rise of signal out of noise and
of the relationship of missile ngive to the detection axis a8 the signal grows
in time are being muade for typical firings in the large air gun.

Microscopic examination of typical pulses (gee figure 1la.) has yleld-
the proviriona! data (Table ).

The times referred to are for the signal to rise to the indicated level,
These times are =0t uniquely related to the instantaneous position of the
ogive relative to the detection cone,

u. Signal vs. Size

Pulso amplitudes of 4" diameter Styrofoam missiles of varying lengths
were found to be approximately proportional to the missile length for detec-
tion altitudes of 2 5 feet and normal incidence. The round velocity was 800
fps for these tests. The rise time decreased with decreasing missile length.
As before, assurning 4 heam diameter of about 3. 3" at 2.5 feet altitude and
a round velocity of 800 fps, it takes
-5
7 fu.

800 ti/see. = 0. %4 ms

for the round to achieve full illumination as it enters the beam. Since this
time ig leag than the cell time congiant (1.2 mg), wemnds longer than
about 3. 3" will increase the transit time through any one beam. In turn,
leveling off will be produced near the thp of the pulse, thereby increasing the
rige time.

L
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Table 1I presents these results (sece figure J1B), In each case, the
velocity 18 800 fps, the altitude is 2,5 feet, and incidence is normal to
the missile axis.

4. Target Reflectivity, Terrain reflectivity, and Sensing angle.

Relative reflecting powers of various substances in the entire 0.7 to
2.8 y region of the spectrum have been measured. The refleclivily meas-
ured in each case is the relative return energy for a screen sub-element
whose parallel axes are Inclined at various sensing angles io either a flat
simulated terrain, or to the ling of flight of & gimulated mnissgile, These
sensging angles range from normal incidence to 60° from normal,

To make these measurements, a reflectometer was designed and
built, The sub-cli ment is mounted on a rotating head whose center of curva-
ture l:ies on the sample being measured., A Corning filter No. 7-56 was
empleyed over the ¢ tector parabcla, The source employerd wasg a 6-volt
PR-15 bulb operated at 1. 20 volts, For normal incidence, the detection
cone diameter ai the test surface was about 3, 3" in diarneter. The results
are given below in dimensionless form,

Eeaing Angle {off normal)

Potential Targets g 5° 15* ag* 45° 680*
Flat Aluminum Sheet (Spaecular
{inizh, Alzak} 347 7.4 .58 .50 . 40
Brass Tube (polished, 4" dia.) 6.2 3.2 .91 .35 ~ .25 -~ 21
*75 mm Shell, O, D, paint .35 .3 .20 ~.11 ~ .09
*75 mm Shell (bright steal) 6.2 1,3 317 “.11 " .08
Fiat black wikyd resia palnt
{on flal surface) 0.19

L]

Type HEP-TI165E1]
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Sensing Angle {>ff normal}

Potential Terrains a* 5 15¢ 30 45° 60°

Pure white quartz (No. !6

graded ottowa sand) 2.1 2.1 2.0 1.9 1.6 1.3
White marsh concrete sand 1,82 1. 62 1.80 1.49 1,32 1. 08
No. B-4 White marsh gravel 1.57 1,87 1.52 1,44 1,27 1.08
No, 4-3/8 " " " 1.70 ¥ 70 1.88 1.57 1.40 1.24
No. 4-3/8 lowa dolomitic

limeatone 1.09 1,10 1.12 1.10 1.12 1,13
common gr-s {cut) LT Lt .15 .08 .82 .47
dead brown lseves ~1.37 ~%, 37 ~1.34 i, ) ~.0 0,8

In addition t» those surfaces listed, reflectivity measurements will
be made of snow and of mud.

At a sensing angle of about 30° and an aititude of about 3 fezat, a
negative-going pulse (not positive) is obtained when 75 mm O, D, shells
are fil"?d in daylight over a terrain background of a mixture of soil and
grass. - Reference to the reflectivity data indicates that a negative
signal is due to the greater reflectance of the terrain (obscuration by
the shell). For increasing altitudes, the missile subtends a smaller
amplitude. For night operation (sourcea on), the geometry is compli-
cated by the fact that the flux incident on the target differs from that on
the background. Laboratory measurements on birch-wood pellets have
indicated a region of ambiguity; i.e., for sources on, as in night oper-
ation, there is an altitude at which the background refiectivn obscured
by the pellet equals the energy reflected by the pellet. A similar in-
vestigation will be made for 75 mm rounds to determine the parameters
for zero net return signal,

1 For daytime operation, the system lights were turned oif.

18
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5. Sensing Resolution

Sensing accuracy or 'resolution’ may be consgidered under the
five categories of determining

a} The angie of incidence {angle ¢ 1in figure 1}

1) The displacement of the tragjectory parallel to itself
<) Altitude

d) Velocity

©) Enc¢ounter (ime

Preliminary measurements have heen made onb, ¢, dande
only.

Signal vs. Parallel Displacement

Figure 12 indicates the P, D, resolution of a screen
sub~c¢lement for an arbitrarily selected s¢* of conditions.
These data were obtained with the large air gun using 4"
diameter Styrofoam cylinders (simulated missiles) at
norinal incidence and at an altitude of 30", The line of
flight is perpendicular to the line joining the detector and
source (i,e., into the figure). For a fixed flight direc-
tion the sub-element was translated along the litie joining
the centers, 1t is evident from the figure trat the sensing
axis of the sub-element i3 nearly coincident with the de-
tector axis., The signal is down ten~fold for a mnissile axig-
detector axig digplacement of about 3, 7" at a 30" altitude.
At greater altitudes a larger axis displacement woulid be
required for eqyuivalent sighal degeneration, Figure 13
shows the overlap of the detection pattern of any 3 adjacent
sub-elements in a screen, i is obvicus that ¥ D, resoiu-
tion may, if desired, be increased by narrowing the beam
width, 8, and reducing ihe separation "2, The beam width
may be narrowed by using either a longer focus paraboloid,
a smaller cetector area, or both, These factors have not
been explored in the report period,

SEGHET

This documunt contalns Information afiscting the nationa! def, e Unite teg within th
i e / or‘ho dﬂ ﬂ:‘" of 4 Mn‘nyd u-n o'u‘vo mn 4 meaning of the asnlonage lews, title,

U, 8.C,, 798 and 734,

iasd person i prohiiiised by law.




SECRET

\

Altitude and Velocity

The 3 sub-element in-line sensing screen has been
employed to determine the resolution of these parameters.
From a typical oscillogram (e.g. figure 11B, osriilogram
1M) the pulse separation in time may oe directly measured,
This photo was made with the DOFL air gun using the ar-
rangement shown in figur. 4. The slant ranges and angles
of incidence are shown in figure 14, The errors in altitude
and velocity are within the experimental error (about 5%)
of estimating p-1lse peaks on the photograph. Thus, 1n 08~
‘illogram 1M the ‘true' velocity is 685 fps; the measured
veloclty iz 670 fpg; the 'true' slapnt cange for beam bg 15 37";

"
the measured range is abuut 40",]  The displacement of

the first two parallel heams wag 12", measured ulong the
direction of firing; the angular separation ot ike 2nd and 3rd
beams was 15°. At the 30" slant range the separation of
these 2 latter beams was 19, 7", The true system error in
measuring altitude and velocity is estimated to he less than
2% and is due to individual variations in reflectors, detectors,
focussing, etc.

Encounter Time

‘The encounter time shall be defined as that time at which
an acceptable target has been recognized in one or more ¢le-
ments of the outermost screen, thereby establishing a time
base ( T = T,). It is evident that the subsequent passage through
the two remaining screens will completely establish the trajec-

tory
= d(T)

wiiere « = displacement in the horizontal plane of attack

Thie second !signal' in beom by ag geen in the nhoto ghould be ignored. 1t is

due to the Styrofoam round striking the backst()p, digintegrating, andirebound-
ing into the last beam,

20
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T = time
d, = encounter 'point!

To = ¢ncounter time

Because of geometricual and physical considerations the
encounter time will occeur after the target ogive has re ach-
cd the first detector axis, Figure 15 (ogcillogram 6c¢)gives
the encountir time delay and round posgition in time for the
cuge of a T mm HEP round, The geparation of beam 0
()8t detector uxas) and a pulse O (peak of 181 pulse) 18 260
u8. The experimentad parameters are given in the figure,

The two broken traces at the top were ;;zuducerk by pagdage
of the round through two aluminun foil "make' circuits

spuced 48" apart. The cross-hatched arcas indicate the
1/2 power-point beam widths in the plane of ¢ncounter,

VI DOFL TEST ARE..

Some prelfriinury data has been oblained on the sensing screen responsc
at the DOFL Test Avea using 75 mr shells in daylight operation (sources off )
Figure 11¢C shows two typleal oscillograms (41 and 257 for velocities of about
1540 fps and about 26000 fps respectively.  Figure 15 s an analysis, It should
be noted that the signals are negative (Ghsoaration effect), The field arrange -
ment 18 shown in figures 16, 17 and 18, In the foreground of figure 17 a sini-
ple optical trigger which initiates a single sweep on the cathade ray tube
(not shown). Mounted below the sensing sub-screen are two aluminum fot'
'make' circuits which locate the arriving round in relation to the three re-
ceived signals and which gerve to independently check missgile velocity, These
foils are located 48' apart and their output is visible on the oscillograms tc
and 2F ag a pair of very steep spikes on ihe uppetr trace, Tho cirsular helog
seen in the foils were protuced by the actual firing.  In the background is a
mound of earth for stopping the missiles, All instrumentation is coutained in
the mobile laboratory
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IX. SPECIAL CONSIDERATIONS

1, Velocity Discrimination

A successiul system will ignore all potential targets with velocities
less than about 200 fps. It will also he necessary to ignore all spurious
signals due to the motion of the tank over irregular terrain, passing
close to objects, cloud nmiovement, perdonnel movement, ete., Such dig-
crimination may be achieved by utilizing time gate techniques,

The first pulse or part of it (beam bg, figure 19) initiates a finte
time gate corresponding to a transit time of 200 fps for the target. Signal
rejection occurs when ihe second pulse {beam by, figure 19) arrives too
late,

2. lgnoring Small Arms Fire

'Small arms' refers to all missiles of lesser calibre than the small-
est anti-tank round commonly used, i.e., less than about 37 mm.

Although small arms fire would produce wpaker signais, it does not
seem practicable to utilize signal amplitude as a basis for rejection since
it would be difficult to distinguish hetween a small object close by and a
larger object farther away unless more intelligence were built into the sys-
tern,

It should, however, be possible to take ad#antage of the pure gystem
geometry to achinrve small arms rejection., Reference to figure | and figure
13 indicates that both the beam width, 9, and beam separation "¢, could be
chosen,thar, for normal incidence at least, the number of adjacent detectors
alerted in any screen would be well-defined function of altitude and and
missile diameter. Thus for any particuiar altitude of attack, a minimum

missile diameter could, in principle, be 'asensed'.

3. Effect Of Eavironment On Sigiial

With incrcasing temperature, the tims constant, 5/N. and dark resist-
ance decreasge (figure 20A) and the long waveiengih cutoff ghifts o somewhat
shorter\ fsce figure 20B), With increasing relative humidity the time con-
stant increases rapidly (figure 20C), Increasing the ambient radiation level
produc. s an effect samilar to that of increasing the cell temperature. The
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response of the bare ccll is quite linear up to incident intensitics of aboui
4200 pwattgi./cm‘g. This i8 a derived figure taken froem data presenied in
figure 20D, For a 1 mm x ! mm cell this represents 43 uwalts of energy,

4, Signal Ambiguitx

Current work at the DOFL Tegt Area with 75 mm O, D, shells has in-
dicated no ambiguity reglon in passing from daylight through twilight and
into $arkness, That is, negative gignals have been recorded both day and
night with signul level about 5-fold down at night. The sensing distances
used at the DOFI, Test Area arc identical to thoge given in figure 14, with
the exception thut the "background level" of figure 14 {g about 42" below
the shell trajectory,

b Reliability OF Cells

The cells used in the 3-gub-element test unit have shown no detesion -
ation with age over the past seven montha,  They have heen in use in bhoth
the DOFIL. alr gun and the DOFI1, Test Arca and have been exposed in the
course of test work to an ambient temperature range of from about -5° (' to
+28°C and a relative humidity range from about 15% to about 30%,
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Outline of a Dash-~Dot Gecwmetry.
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Figure 3.
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Figure 4. 3-Element Single
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Neon bulb "Switch Board"

Amplifier and
~# thyratron circuitr

Detector

Cheesecloth  Compressed
"Backstop" gas suppl
Y P

Figure S, 9-Element Triple Row Sub-Screen.

SECREY




LT T R T I T
- ' A - L ORI S
L \ ' . T v ;
- . W:.;.l..i. . o4 -
Pooets o e S ||.I__A
- v T
7 P A
R i e — e

v

_hﬁkif'
FAoNE
e

A
L{.

o
Lo 4 by
g I v
- ﬂ‘m T
REER—_ R S 4
0 :
- € g
R e
R SR R

-

1

TYIPICAL

n
¥
4 Hla
4
.
-2

AT .pJE an

ip
b 4}
b

FERI ha i i
) i | 3
: T ‘ }
i I
H T
-
! oo
T !
i
]
: t
i mn _100
. 1 |
{ 1
1

33

SECRET

Typical Fadiation IPattern for Source or Detector,

Figure 8.
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1 7 5
Sweep= 2 ms/cm Sweeps D ms/cm Sweep= 1 ma/cm
Sengit= 0,2 ‘/cm Sensit= 0.2 v/cm Sensit= 0.2 v/cm

FIRING DIRECTIOR

4 7 9
Sweep= 2 ms/cm Sweep= 2 ms/cm Sweeps 1 ms/cm
Sensit= 0.1 v/cm Sensit= 0,05 v/cm Senait= 0,05 v/cm

Figure 1lA, Typical Pulse Oscillagrams.
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Sweep= 1 ms/cm Sweepwe 1 ms/cm Sweep= | ma/cm
Sensite 0.2 v/em Sencit= 0.1 v/cw Sensit= U, 0% v/cm

FIRING DIRECTTON

IM

Sweep= 2 mg/cm
Sengit= 0.5 v/cm

Pigure 11B, Typical Pulse Oscillograms,
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(©)

4F 2F 6C
Sweep= 0,5 ms/cm Sweep~ 0,5 m8/cm Sweep= 1 ms/cm
Sengit= 0,2 v/cm Sensit= 0.1 v/cm Sensit= 0.2 v/cm

FIRING DIRECTION

Figure 11C. Typical Pulse Oscillograms.
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b‘Figure 19, Diagram of Defending Screens.
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0 . APPENDIX
Eqdat@on‘s for Firing Time and Position pf Défending Chai‘p_{el
”h:.’

O. Cruzan, H,W, Kohler and H, W. Straub
The tonk is surrounded by three optical screens consisting of sensing
beams L, by, hy (figure 19) which are shown originating from. an outrigger
at the tank wall, Two of.the screens are parallel making an angie a with
the vertical, and have a horizontal spacing ' The third su‘r-en originates
at the same nlace as the second mcreen, and dec/Ai‘dn“dugxc B-#ith-the verti-
cal. The defending charges are arranged along a. line parallel to the base of
the three screens at a dislance s from the intergection of the second and
third and their trajectories make an angle +y with the vertical. The sensing
, by and the trajectories pL of the defendmg charges ile in

il

i rJlanes paral}el to that of figure 19a.

A pr‘()_]ECtlle approaches from the rwht along a straight, horizontal
trajectory P ... Its velocity V ., its horizontal angle ¢ of attack and its height
"h' of attack are unknown. It traverses the beams by, b, by at pointe 0, 1, 2
at times TO, Tl' Tz The times Ty, T 1, 12 are measured, and ()he coordi-
nates y., y,, ¥y, of the origins uf the traversed beams are known Before
the projectile reaches point 3, a defending charge located at coor mnaté ¥3
triggered at the right firing time T; so that its fragments, which move af. a
velomty V., arrive at pomt l at the gsame time as the projec tile.

The computer (1ct(’vm1n(-s fr om the griven paran'etcrs a, 8 a, 2 ~ V
and from the measurerd data Yoo ¥yo Yoo Tg, Ty, Ty the firing tin.c Ty and the
coordinate Y3 of the charge tobe fired, and gencrates and transmits at thé

tirme Ty tm;,ger'mg plhilse to tho charge positioned at yy 80 thal the desired
<?‘ ot ' !
' " b

et e

1) For a more general presvnmtiwu ane, IEOFL TR- 433 "Theoretical Analysis
of a Dash- Dot Sensing System" s;/ O,®, Cruzan,, \ : ;

j

2) Note ‘that the coordinates xO, xl, x2 are not known, being functions of the un-

known height "h" of attack, . '

t ; o : o
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colligion occurs,

The equations for which the computer has Lo be designed will now he
dex'xved

Equanon fm ["ir mg Time Ty

el

' . In order to obtain » collision at point 3, there must be

Tf + TQ = Ty, ’ . o o

where Tpis the firing time, T,
to point 3, and T3 the time of arrival of the projectile a) point 3,

(U}

the: transu time of the charge tragments

R

" For ° T one g(‘ts from hgurv 93
h

LG08 Y S - i
i - 3

o

Te
v

¢

where h is the height of attack, and V
fragments. Substituting in (1)

h

————————

Ve cos y

Tf = Ta -
~ and data.

For h, one uses the egquation

- T ’ : ‘
1= Ty = Corrvy, - dor (
) ; - s et d
, - Ty dig/ve, 12
- where d and d aie the distances of poinis 0to L and 1 to 2,
8y !
respectively, on the projectile tra Jectory, and Y __is the. rom,ctxle velo
- - proj
- ’ 58
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T4 and h are nol known and have to be determined from known parameters
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© For xy.- xy one gely from trig(‘motnetr;( “I ‘ 1
M ' [ .
4 o o U
- ‘ ’ ‘ ‘\,\\ i
- _ 1’7 ~ PSR VI § SN YN 2 SEP ST S i
- Al A""“ll . (¥ ] wr ]
o

, 1 . ’
= hitan a-- tan f3) o 1 ’ e

RS theref«)"x‘*e" ) , , : :
| o1 - a - (8)

‘ dyy b . (tan « - tan[3) :
= fsfubstiti‘xting {8) in (4) and rearranging:

| T B (
e et T e 3
_ botin - otan 3 T - To )
‘For '[f.; one may use an equation like ’ . - AT '
1 My - Ty dyg/Vin s0 iy e
» . 3 ] . IAS‘_.'..I.__ i, W (IU)

- ‘ ‘ ‘ . "l'l' Ty d()l/vm dog 5 ‘ S B

l i ‘ R ) “
i - where “I;i is the distance between points 1 and 3 on the profe tile: 7%
. trajectory. : ‘ o g T .
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‘Again from geometry, and rémembering that xg - X = 4, one gets

- i R 5))
) A . 0"
. ﬁl - Vx3 . tanag I-l'f 8 - h..(“_‘i‘t,\rm Y
(12)
- Quhatituting (19) in {11} A
=R Seps C\ ok Gy —Ade—(—a—ay 5 .
‘v's; :‘

s jif"‘ ‘ : \ i
=Ty + h {(tan o ; tan'y)+s(T - Ty | (1,;%5)

TR i~ o
i

If one now intreduces in (3) the value of h f om (9 and thlt," of T3
from (13), one gets finally : C

/ ‘ l 8
i - -
J Te= T, + t_‘ﬂ_‘l__t_?_"_'l.('x - T =B (T - Ty
. o ' tan o - tan g3

(14).

=0 Equation fos Coordinate yq of Charge to he Fi!'*«:!

- o the determination of yy one may use an em.:i(tlon’ ke

N .
. o
'

. / f LYy %% -
S - ;_.__/;' [ I

’M.' ; yl - yO ‘ N xl‘)"/?-_ xl " N o E . A (15)

) which follows from geometry.
’ { P / i
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NP . S i e s e L 4 e e T g aT— T e T e g A e e T A 1 Ty A i)~ o fgters = T
» o -l
R -

Substituti'n‘g X, - %3 from (]2)‘,.and.again remembering that X -"x1 * a,
- one gets ‘ o

v

2'3__3'_1 - b (tang - tan ‘9) t8 ; L (186)
yi - ¥y - ' a . o

lmroducinp in {16) the value of h from (9) and rearranging finally
yiulds ' ‘ MR :

T v /
= tan o - tan 2 1 o, -
Yy vyt 4 (v - 79 + &y, - ¥

Ll

e

‘ tan o - tanf8 . . T,
s : i ")

G

Frem equdti:on.q (14) and“(l7) the position of the charge to ke fired and
it £'ving time are determined for any velocity of the oncommg p!"OJeCtllF‘
’ and 1"0:‘ any height and angle of attack.

| If the projectile trajectory cannot be approximated by a straight, héri-
zontal line, an arrangement of more than three screens must be used.

Compilation of Equations for.;Tf_&z_A‘d ¥yq

i If in equations (10) and (15) combinations of T's and d's, y'samd x's
other than those uscd had been chosen, equations for Ty and y, of different
structures but giving the same ultimate values wduld have resulted, The
following equatione drée obtained by changing the’ combmatxons.t For the
matter of simphcity, the abbreviations -

Q=tana-tan‘y . i {18)
' tan o - tan f3 ‘ : '
srd - P = (tana - tanfd) cos ¥y (19)
! are used.
;}\
\.:“ :
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s g 'rz - T, L
i , ) T, - T a2 14b
. S Te=Tyt g (TI - T, +Q (T, - Ty Vc- 5 'IT-;"'f"(T (14b)
! : T.) o T2 - TJ
, =Ty (T, - T - 1) - T+ de
Ty ‘fl T (@ )Q(Tz U0 I e (o)
| T,- T Ty < (17a)
2° 1 8 It - Ty ‘
= Yo+ Q _ [ SESE R O WA QSOOI | SRS, TSRS Y S [
———— ‘7},’5 },’U 5 - TOJZ 70 i ,1‘2 -I'I‘.O‘J2 70
Cypnygr@ 2T gy - H(-S—H)(y-y”f (7
; Y3 = ¥p ¥ ,*I?"’f_—:[:’*——yl Ip a . 1 o ‘“ bj
1 - To e
Yo Qg (2 + LT 0y . |
Y3 Y9t Qly, -y + (5 + TI.—Z'——:—:I:T-YZ n (17¢)
. To- T T,- T .
2 1 . 8 "1 0 - (17d)
Y3 TVt Q = - Yt (Y, - YO
, Tg = T ' 0 o "
Vg N R vol g bty (17e) |
s Ty - Tp : :
Yy =¥+ QUys =y + 5 e iy - ¥1) (17f)
. I‘2 - [1
- 62
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T 8 T ] - Ty
Yi (Q " 1)..__~._~_ Ay -yt (v, - yo)
d 2 - ;I-O 2 0 a II 2 0 . (l7g)
,-r‘ _ VI\ 5 . : /
yy e ygt@- 0 2T 0y ) Sy -y 1Th)
f[] - I‘() H
L‘vx‘:'q Iy - Ty (11i)
Y3 7Yt QD vy -y 4wy o g oYy

From each of the above’ sety of ‘equations (14 a to o) and (17 a to i)
one equatxon has to he selected that proufises a minimum of difficulties
dusx;,mng the computer.,
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